Background: The aim of this study was to introduce and to evaluate the functional results of volar plating of distal radial fractures through a longitudinal minimally invasive approach. Methods: From January 2010 to January 2013, 157 patients with distal radial fractures were randomly allocated to group A (n ¼ 83; 49 men, 34 women; mean age: 42 (18e67)) and B (n ¼ 74; 46 men, 28 women; mean age: 41 (22e65)), including type A2, A3, B3, C1, and C2 fractures, based on AO Foundation and Orthopaedic Trauma Association Classification. Patients in group A were treated through a 1.5-to 2-cm longitudinal incision, and patients in group B were treated through the conventional flexor carpi radialis approach. All fractures were treated with a locking volar plate. The functional results were compared with range of motion, grip and pronation strengths for each fracture type. Results: After a follow-up of 2 years, similar measurements were noted on range of motion and grip strength in both groups. Regarding pronation strength, group A was superior to group B (p < 0.05). Conclusions: Minimally invasive volar plating of distal radial fractures is a safe and reliable technique, resulting in better pronation function and appearance. Level of Evidence: Level I, Therapeutic study
Introduction
Distal radius is the most common fracture site in upper limb. 1, 2 The fractures account for approximately 1/6 of all fractures. 3 Unstable distal radius fractures are often treated surgically using a Tshaped locking plate via a 6e8 cm volar approach. 3 Recently, minimal approaches have been advocated. A minimally invasive technique is that it is a less intrusive or destructive surgery. 4 Chmielnicki et al 5 treated the distal radius fractures by volar plating via a transverse 2e3 cm incision, with sparing the pronator quadratus (PQ). Postoperatively, the patients experienced minimal scar pain and rapid recovery of grip strength. The rotational motion was almost undisturbed. However, the transversal incisions carry a risk of iatrogenic injury to the palmar cutaneous branch of the median nerve. In addition, when difficulties arise, lengthening the incision is difficult. In order to avoid the disadvantages, we developed a small longitudinal approach. The objective of this report is to introduce minimally invasive volar plating of distal radial fractures with preserving the PQ. We also conducted a comparison between the technique and the conventional technique.
Materials and methods
The study was approved by the Institutional Review Board of the hospital involved. Informed consent was obtained from each patient.
From January 2010 to January 2013, 304 consecutive patients with distal radial fractures were collected from our hospital ( Fig. 1A and B). Eligibility criteria for the study were as follows: age S18 or <70 years old; a closed distal radial fracture; AO/OTA (AO Foundation and Orthopaedic Trauma Association) Classification type A2, A3, B3, C1, and C2 fractures; and the need for volar plating. B1 fractures were excluded because the fracture may be treated with pins; B2 fractures were excluded because a dorsal approach is more appropriate; C3 fractures were excluded because the fractures are too complex to be treated through a small approach. Patients were also excluded if they had one of the following: decline to participate; open fractures; the use of a dorsal approach; fixation with K-wires or screws alone; fixation with an external fixator; combined carpal fractures and/or dislocations or ulna fracturedislocations; old fractures over 14 days; multiple fractures; pathological fractures; need for aid of arthroscope; uncooperative adults, such as dementia patients; or an associated infection or underlying diabetes, rheumatoid arthritis, or gout. Patients with combined ligament injuries shown on preoperative magnetic resonance images were also excluded.
Thus, a total of 182 patients were included in the study. The patients were randomly allocated to group A (via volar minimally invasive approach) and B (via conventional flexor carpi radialis approach) using a pseudorandom number generator. Immediately after fracture fixation, we excluded patients (2 in group A; 3 in group B) with distal radioulnar joint instability that was confirmed by physical examination. In group A, we converted the small incision to the conventional incision in 2 patients due to difficult reduction (type C2). The two patients were excluded. In group B, we excluded 6 patients whose PQ could not be repaired. We excluded patients who were lost to follow-up (2 in group A; 5 in group B) and who could not complete the entire follow-up (3 in group A; 2 in group B). Pre-and post-operative assessments were performed by one senior orthopaedic surgeon (XS). He was blinded after assignment to the interventions, and he did not involve in the treatments. Patient allocation ratio was approximately 1:1. All operations were performed by the same senior orthopaedic surgeon (XZ). Consort flow is shown in Fig. 2 .
Via mini-approach (group A)
Operation was performed under brachial plexus anesthesia and under upper arm tourniquet control. A longitudinal incision was made between the flexor carpi radialis and radial artery. The incision was 1.5e2.5 cm in length, beginning from the proximal wrist crease (Fig. 3A) . The flexor carpi radialis was retracted ulnarward, and the radial artery was retracted radioward. The volar periosteum was incised longitudinally. The periosteum beneath the PQ was raised by pushing a periosteal elevator on the volar surface of radius. The fracture was reduced under direct visualization and fluoroscope. The length of the radius was restored by gent traction. If the fracture lines or parts progressed under PQ, reduction could be achieved by forceps. The fracture was provisionally stabilized with K-wires. If there was a volarulnar fragment, it could be easily exposed by radial traction of flexor carpi radialis and ulnar traction of the incision. The hole between the radius and PQ was created by using a periosteal elevator. A volar plate (T-shaped plate for type A2, A3, B3 fractures, Suzhou Sunan Zimmered Medical Instrument Co., Ltd., China; distal radius versatile plate for type C2 and C3 fractures, Zimmer Inc., USA), 7e8 cm in length, was slid into the incision and placed on the volar surface of radius, beneath the PQ muscle. Bone grafting was performed as needed. Correct positioning was confirmed by fluoroscopy. The plate was fixed with distal locking screws. Under fluoroscopic guidance, a 0.8 cm long longitudinal skin incision was made just over the conjunction between the two most proximal plate holes. By blunt dissection, the holes were visualized through the septum between the flexor carpi radialis and palmaris longus. Two locking screws were fixed in the holes (Fig. 3B) . Additional K-wires were used to fix the small fragments as needed. Once fracture reduction and implant positioning had been accepted on radiographs ( Fig. 4A and B) , the additional Kwires were removed and the incision was closed (Fig. 4C) . After surgery, the wrist and forearm were placed in a removable ballpeen splint that permits gentle active exercises. The splint was completely removed after 4 weeks, and progressive motion was continued until bone union was solid.
Certain surgical pearls were critical. First, a joy stick technique was helpful for reduction. Second, if there was remaining displacement of the dorsal fragments, we often made drill holes just penetrating the volar cortex, and provisionally stabilized the volar fragments to the plate with shorter locking screws. Once the dorsal fragments were reduced, we replaced the short screws with longer ones. In order to prevent redisplacement, the screws should be replaced one by one so that at least two screws engaged in the volar fragments.
Via conventional flexor carpi radialis approach (group B)
Operation was performed through the conventional flexor carpi radialis approach. The PQ was severed from its origin to expose the radius. We used the same plate and screw system as group A. The PQ was repaired before wound closure. In this group, 7 patients had skin grafting or a delayed wound closure due to edema. Other surgical procedures and postoperative managements were the same as those of group A. No additional procedures were performed.
Outcome evaluation
Radiographic evaluation was performed 2 days after surgery. Palmar tilt was measured on lateral view. Radial inclination, scapholunate gap, and ulnar variance were measured on posteroanterior radiograph. 6 Deep wound infection was assessed by both clinical symptoms and blood data analysis. 7 Pain intensity of primary incision was assessed using the visual analog scale (VAS). 8 At the final follow-up, active range of motion of the wrist was measured using a goniometer. 9 (Figs. 5A and B; 6AeD) All measurements were compared to those on the opposite side. Grip strength of the hand was assessed using a Baseline hydraulic hand dynamometer (Fabrication Enterprises Inc., White Plains, NY). 10 Isometric testing of pronation torque was assessed using McConkey method at 5 positions of rotation (90 of supination, 45 of supination, neutral, 45 of pronation, and 80 of pronation). 11 To exclude any discrepancy between the dominant and non-dominant hand strength, we based the scores for analysis on the premise that the grip strength was 6% higher for the dominant side compared with the non-dominant side. 12 These measurements were compared to the opposite side. The patients rated their wrist pain using a visual analogue scale. 13 We used the Mayo Wrist Score to assess wrist function (90e100, excellent; 80e90, good; 60e80, satisfactory; below 60, poor). 14 Scar appearance and patient's satisfaction on the upper-limb were assessed using the 10-mm visual analog scale. 15 
Statistical analysis
Quantitative variables were described as mean and standard deviation for symmetric distribution or median and interquartile range for asymmetric distribution. We used Pearson's chi-square test to compare categorical variables, and ManneWhitney U test to symmetric and asymmetric distribution. A p < 0.05 was considered statistical significance. The collected data were analyzed with the Statistical Package for Social Sciences 13.0 (SPSS, Inc., Chicago, Ill).
Results
Patient's details and results are shown in Tables 1 and 2 . In group A, the mean incision length was 1.8 ± 0.3 cm. Difficult reduction was encountered in 4 patients (type C2), and we converted the small incision to the conventional approach. Two patients lost to follow-up, and 3 patients did not complete the followup. Those 9 patients were excluded. Thus, a total of 83 patients were analyzed.
In group B, the mean incision length was 7.6 ± 2.7 cm. A total of 69 patients were excluded, because their PQ could not be sutured back to its origin, or the injuries combined with distal radioulnar joint instability. Seven patients were also excluded because they lost to follow-up or did not complete the follow-ups. Thus, a total of 74 patients were analyzed (Fig. 2) . Fixation failure or osteomyelitis was not observed in both groups. Bone union was achieved in all patients.
Statistical outcomes
We found no significant difference between the two groups in patient age, gender, cause of injury, fracture type, time from injury to operation, amount of reduction, etc. However, there were significant differences in incision length, and duration of operation.
We found no significant difference in duration of follow-up, grip strength of hand, scar pain, wrist joint pain, and wrist function. Regarding active range of motion of wrist, we found there was significant difference in pronation, but no significant difference in other motions. Pronation torque of wrist was significantly different between the groups. There were significant differences in scar appearance and patient satisfaction.
Discussion
We found that the minimally invasive technique produces similar results in main function of the wrist. However, since preservation of PQ, pronation function is better than that of the conventional technique. In addition, the small incision produces better cosmetic appearance.
Type A2, A3, B3, C1, and C2 (AO/OTA classification) distal radial fractures are often treated by volar plating. The flexor carpi radialis However, since the palmar branch of the median nerve arises in the distal forearm, a transverse incision carries a risk of iatrogenic injury to the branch, resulting in persistent pain. 5 In order to avoid those complications, we first preferred a longitudinal small incision between the flexor carpi radialis and the radial artery. Our study showed visualization and reduction of the fracture were acceptable. However, owing to inadequate surgical exposure, more frequent use of fluoroscope may prolong the time of operation, but all procedures were completed within 2 h. Although repair of PQ provides adequate protection on the overlaying tendons, pronation strength may decrease approximately 5%. The functional activities, such as turning a doorknob or a screwdriver, benefit from preservation of PQ. 27e30 Our shorter incision gave a better appearance, more rapid recovery, and better hand function, resulting in better patient satisfaction. Several issues need to be addressed. First is implant selection. There are numerous plate and screw systems used for distal radius fractures. The selection is based on fracture pattern and surgeon's preference. Generally, a versatile system with multiple screws should be used for comminuted fractures. Second, the surgeons should avoid entrapment of flexor pollicis longus during plate insertion, though not happened in our series.
Advantages of the minimally invasive technique include less incision problems, better appearance, lower risk of iatrogenic injury to the palmar branch of median nerve, and preservation of PQ function. Disadvantage is inadequate surgical exposure, which may result in adequate anatomic reduction. However, repeated checks under fluoroscope can decrease the risk, and surgeon's experience is also critical for success. Nevertheless, the quality of the reduction is more important than scar appearance and desire to preserve the PQ. When technical difficulties arise, our longitudinal short incision can easily be converted to the conventional approach. Indications for our minimally invasive technique are AO/OTA classification type A2, A3, B3, C1, and C2 fractures. Contraindications are combined tendon, nerve, artery, or ligament injuries which need to be extensively exposed; dorsal fractures. Type B1 and B2 fractures are not contraindications, but the fractures are often treated with pins or through a dorsal approach. Type C3 fractures are too complex to treat through a small incision.
Our prospective study has limitations. The operations and assessments were done in different times, and surgeons' experience was improved with time, which may influence ascertaining the effects of the techniques. The patient can easily understand the type of the operation with the incision scar. At least, he or she can understand that the operations are not all the same. That can be an assessment bias.
Conclusion
Minimally invasive volar plating of distal radial fractures is a safe and reliable technique, resulting in better pronation function and cosmetic appearance.
